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                               Instructions
                            
           This examination is 3 hours in length, and there are 12 questions for a total of 100 mancs.
           Please read each question carefully before begirming your answer. Allocate your time accord-
           ing to the mark value shown beside that question. If you encounter serious difficulties with a
           particular question, you might be wise to move on to another, retuming to it later if time is
           available.
           
           Where you feel it is necessary for you to make an assumption, articulate the assumption clearly
           and indicate why you feel it is both necessary and valid.
           
           All questions must be answered in the space provided on the question paper. Use examination
           booklets for rough work only. If necessary, you may continue an answer on the back side of
           the exam or on the last page of the exam, if you clearly indicate that you have done so
           
           Make sure to fill out the information below. Good luck.
           
           
           
           
           
           
         Name:
         
         
         Student Number:               College:
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         1. 12 marks
         
         For each of the following statements, say whether it is true or false.
         
         (a) The standard (Pascal) types integer, real, char, and boolean are all ordinal types.
         
     (b) A processor is an agent which carries out a process by obeying or executing the steps of an algo-
         rithm.
         
         
     (c) A divide-and-conquer algorithm is one which uses the strategy of breaking the proWem up into a
         number of subproblems, each of which is easier to solve than the original.
         
     (d) Program statements usually execute more efficiently when they are interpreted than when compiled.
         
     (e) The complexity of a problem is the complexity of the slowest algorithm which can solve the prob-
         lem.
         
     (f) The CPU of a computer contains some fast, temporary memory which is distinct from the main
         memory of the computer.
         
     (g) A tree is an example of a hierarchical data structure.
         
     (h) In the "problem solving steps in programming" given in class, composition of documentation
         occurs only in step 4, "code the algorithm in some computer language.9'
         
     (i) A finite state machine computes a sequential function, a function whose output depends on previous
         inputs as well as the current input.
         
     (1) A side-effect is the assignment within a subprogram to a variable global to that subprogram, and is a
         strongly encouraged programming practise.
         
     (k) An algorithm which runs in constant time takes time which is proportional to a constant factor
         times the size of the program input.
         
     (1) It is possible that there exist representationJcoding schemes such that the string "hi there" and the
         real number 123.657 are representable by the same register state.
         
         
     2. 2 marks
         
         One limitation of the or operator is that it is unable to differentiate between a single true operand and two
         true operands (i.e. the expressions true orfalse, true or true, false or true all evaluate to true). Suppose
         that we want an action to be carried out if A is true, or B is true, but absolutely not if both of them are t~ue.
         Write a boolean expression that accurately states this condition.
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         3. 2 marks
         
         How would you use a random number generator (say a function random with no arguments which retuIns
         a value of type real strictly between 0.0 and 1.0) to give a (real) number, evenly divisible by 3.0, between
         69.0 and 123.0? You may give just an expression in Pascal.
         
         
         
         
         
         
         
         
         
         
         
         4. IOmarks
         
      Consider the following Pascal definitions and declarations.
         type
         graphPoint - record
           x: real;
           y: real end;
         pointPointer - ^pointNode;
         pointNode = record
           point: graphPoint;
           next: pointPointer end;
         
          var
           head, last: pointPointer;
           first, second: graphPoint;
           third- pointNode;
           i, j: integer;
           p, q: real;
           
         For each of the following Pascal fragments, indicate whether or not it is valid. Explain your reasoning for
         invalid fragments.
         
                  (a) third := nil;
                           
                           
                           
                           
                           
                           
                           
                           
         (b) new( head );
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         (c)  head^.x := 4.0;
         
         
         
         
         
         
         
         
         (d) second.y := S.O;
         
         
         
         
         
         
         
         
         (e) if last = head^.next  then . . .
         
         
         
         
         
         
         
         
         (f)  if third = last^  then . . .
         
         
         
         
         
         
         
         
         5.10 marks
         
         Santa Claus, as we all know, keeps a list of who's been naughty and who's been nice. Well, it tums out
         that he keeps a lot more inforrnation than that. A consultant in route planning (a guy who helps Via Rail
         decided what their schedule should be - no, not Brian Mulroney) helped Santa devise a comprehensive
         data base on his clients. This master file contains name, address, a "naughtiness" measure (on a scale
         from one to ten), age, and sex for each person. While this information is all used at some time during
         Santa's yearly cycle, he is now involved in planning his route for December 25th. He now needs a file of
         the particular addresses he has to visit. You have been hired to write a program to create this file. Your
         instructions are, (a) to devise a record forrnat for this file, and (b) to write a Pascal program to create an
         output record (in a file of this type of record) for every person in Santa's master file with a naughtiness
         value less than five.
         
         The format of Santa's master file is:
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        type SantaMaster = record
          lastname: string[30];
          firstname: string[30];
          age: integer;
          sex: char;
          naughtiness: 1 .. 10;
          street: string[20];
          city: string[20];
          province: string[20];
          country: string[20] end;
          
         Note: a good solution to this problem will decrease your own naughtiness rating by twoO
         
         (space for Question 5, part (a) )
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         6. 8 marks
         Consider the following syntax diagrarn:
         
         (ommited due to scan limitations)
         
                           
         Assume that numbers are sequences of integers and idents are sequences of letters in the alphabe~ Indi-
         cate whether or not each of the following strings has legitimate syntax according to ~e diagram.
         
         (a) [ ]
         
         
         
         (b) [1;2]
         
         
         
         (c)  [[l];ab]
         
         
         
         (d) [ [1, 2]:[3,d]]
         
         
         
         
         7. 5 marks
         
         Consider the problem of detel}nining whether a particular integer occurs within a list of integers. The list
         is stored in an alTay.
         
         The following are two possible solutions to ~is problem:
         
           { ** function 1 ** }
           function Member( Item, N: integer; List: ListOfInt ): boolean;
           { this function determines whether the integer Item occurs
           within the first N elements of the list of integers List.
           The value of the function is true if the integer is found
           in the list; false otherwise. ListOfInt is assumed to be defined
             in the calling context }
           var
            i: integer;
           begin
            Member : false;       { default value to return
            for i := 1 to N do
                 if List[i] = Item
                      then Member := true
            end,
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          { ** function 2 ** }
          function Member( Item, N: integer; List: ListOfInt ): boolean;
          { this function determines whether the integer Item occurs
          within the first N elements of the list of integers List.
          The value of the function is true if the integer is found
          in the list; false otherwise. ListOfInt is assumed to be defined
          in the calling context }
          var
            pos: integer;
            found: boolean;
          begin
            NotFound := true;
            pos := l;
            while NotFound and (pos <~ N) do begin
              if List[pos] = Item
                then NotFound :- false;
              pos :- pos + 1 end
          end;
          
     (a) What is an appropriate active operating for determining and comparing the time efficiency of the two
         subprograms?
         
         
         
     (b) Which function, 1 or 2, is more time efficient?
         
         
         
         
         
         
     8. 3 marks
         
     Consider the Pascal function described below:
         
          function F( x: integer ): integer;
          begin
          if x = 1
            then F :- 1
            else F := x + 2*F(x-1)
          end;
          
           (a) What is the value of F(1)?
                           
                           
                           
                           
                           
            (b) What is the value of F(2)?
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         (c) What is the value of F(3)?
         
         
         
         
         
         
         
         
         9. IOmarks
         The following recursive function, Sum, should compute the sum of the elements in a vector of size No
         Assume the following declarations have been made in the enclosing scope (program or subprogram):
         
          const N = 100;
          type  arytyp = array[l..N] of integer;
          var   Myarray: arytyp;
          
          Assume the function is to be called as follows:
          
          writeln( Sum( Myarray, N ) );
          
          Fill in the blanks to complete the function:
          
           function Sum( A: arytyp; size: integer ):  ;
           begin
             if size = 0
                 then Sum .=
                 else       := A[      ] + Sum( A, .        )
           end;
         
         
         lOc 20 marks
         
         It has come to the attention of the leaders of two intemational espionage agencies, Control and Kaos, that
         they have on their payrolls a number of double agents; that is, agents who are on both of their payrolls. In
         the spirit of Glasnost, a special joint meeting has been called to decide what action should be taken and it
         is clear that only the "trusted agents" - that is, agents working for one agency only - should be invited.
         
         As a member of the Canadian contingent of the U.N. Peace-Keeping Force, you have been selected to act
         as an impartial programming consultant to aid in sefflng up this historic meeting. For each of the two
         agencies you are given a data file containing the names of all its agents in alphabetic order.
         
     (a) Write a general algorithm and a Pascal program that will read these two files and print a single list,
         in alphabetic order, of the agents who are in one, and only one, of the two files (and who therefore
         are to be invited to the special meeting).
         
         
         
         
         
         
         
         
         
         
         
         
         
         
                                                                       ... 10
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     (b) Describe how you would test the program you have written for part (a). What test cases would you
         choose, and why?
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         11. 15rnarks
         
         There are a number of ways that character strings might be represented within a computer. One way is to
         store dle individual characters in the string as nodes in a linked list as in the following example:
         
          (omitted due to scan limitations)
          
         The pos function takes two strings, such as subject and stR above, and detemnines the position in the first
         where the second occurs. In this example, a call to pos(subject,str2) would retum the value 4, since 'in'
         begins at position 4 of 'string'. If stR did not happen to occur in subject, then the function should retum
         0.
         
         Give Pascal code to implement the pos function if you had strings represented as linked lists as shown
         above. Consider two variations:
         
         (i) First, for simplicity, assume stR consists of a single character.
         
         (ii) Assume arbitrarily long arguments for str2.
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         12. 3 marks
         
         The code segment below is purported to reverse the contents of array Statement. Does it? Assume that
         Statement is a ten-element array of char values whose initial value is 'GoRidersGo'. Current is a variable
         of type integer.
         
        for Current :- 1 to 10 do
          Statement[Current] := Statement[(10-Current)+l];
          
          If it tlnes not, what is the problem and how would you correct it?
          
          
          
          
          
          
          
          
          
          
          
         Recreational Question - no marks
         
         Consider the following instructions:
         
            Make a statement. If the statement is true, you'll flunk the exam. If the statement is false,
            you'll flunk the entire course.
            
         What statement can you make to avoid nunking?
         
         Note: Do this question only if inspired to do so and you have completed and checked over your exam to
         your complete satisfaction. The question and your answer (will) have no bearing on your score on the
         exam, or your mark in the course. It is simply here for your mental recreation! Enjoy!
         